Introduction
The phenomenon of CP violation (CP V ) is well-established in the K 0 -K 0 and B 0 -B 0 systems [1, 2] . The rate observed confirms the Cabibbo-Kobayashi-Maskawa (CKM) theory of quark flavor mixing [3] . The CKM theory predicts only tiny CP V in the D 0 -D 0 system [4] , and to-date such CP V has not been observed. Both timeindependent and time-dependent measurements of partial widths can exhibit CP asymmetries. The former results mainly from interference between two decay amplitudes with different weak phases; this is called "direct" CP V . The latter results from either unequal rates of flavor mixing (called "indirect" CP V ) or interference between a mixed and an unmixed decay amplitude. In all cases new physics can increase the rate of CP V significantly above that predicted by the CKM theory [4] . Here we present results from searches for CP V in D decays from the Belle experiment. For a review of mixing and CP V formalism, see Ref. [5] .
The Belle experiment has measured the mixing parameter y CP and the CP -violating parameter A Γ using 977 fb −1 of data [6] . Both observables depend on mixing parameters x and y and CP V parameters |q/p| and φ. To lowest order the relations are y CP = (|q/p| + |p/q|) 2 y cos φ − (|q/p| − |p/q|) 2 x sin φ (1)
A Γ = (|q/p| − |p/q|) 2 y cos φ − (|q/p| + |p/q|) 2 x sin φ
The parameters are determined by measuring lifetimes of D 0 and D 0 mesons to flavor-specific and CP -specific final states, e.g.,
The latter measurement requires tagging the flavor of the decaying D meson, and this is done by reconstructing
e., the charge of the accompanying π ± (which has low momentum and is often called the "slow pion") identifies the D flavor. Both K + K − and π + π − final states are used by Belle, and the fitted lifetime distributions are shown in Fig. 1 . The precision of the measurement depends upon good understanding of the decay time resolution of the detector. For Belle, the resolution function depends upon θ * , the polar angle with respect to the e + beam of the D 0 in the e + e − center-of-mass (CM) frame. Thus the ratios in Eqs. (3) and (4) are measured in bins of cos θ * . The resolution function also depends on the detector configuration: for the first 153 fb −1 of data a 3-layer silicon vertex detector (SVD) was used, while for the remaining data a 4-layer SVD was used. These running periods ("SVD1" and "SVD2") are treated separately. The results for SVD2 data are plotted in Fig. 2 . Fitting both SVD1 and SVD2 values to constants gives y CP = (+1.11 ± 0.22 ± 0.11)% (5) A Γ = (−0.03 ± 0.20 ± 0.08)% .
As a test of the resolution function, the absolute lifetime for D 0 → K − π + [7] decays is also measured. The result is 408.5 ± 0.5 fs, which is consistent with the world average [8] . 
Fitting these distributions yields y CP and A Γ via Eqs. (3) and (4) . The shaded histograms show background contributions; the lower plots show the fit residuals.
− samples used previously can be integrated over all decay times to measure the CP asymmetry A f CP , defined as
This parameter is a difference in partial widths rather than a difference in lifetimes and thus depends strongly on the specific final state. In addition to the underlying CP asymmetry, there is a "forward-backward" asymmetry (A 
These decays have an additional asymmetry due to differences in the reconstruction efficiency of
and taking the difference A 
The results of Eq. (10) for K + K − and π + π − final states are plotted in Fig. 3 for each bin of cos θ * . Fitting these values to constants yields 
where The relations between the observables and parameters are, to subleading order [10] , 
≈ ∆a
where ∆a
and t ≡ t KK + t ππ /2. Using Eq. The Heavy Flavor Averaging Group (HFAG) [11] performs this fit for all available data: Belle, BaBar, CDF, and LHCb measurements. They use values of t and ∆ t specific to each experiment, and y cos φ is calculated using world average values [12] . The resulting fit is shown in Fig. 4 , which plots all relevant measurements in the two-dimensional ∆a [13] . The cross denotes the fitted central value, and the ellipses denote 1σ, 2σ, and 3σ confidence regions.
due to possible differences in K + and K − reconstruction efficiencies. In addition, as the neutral
. Thus:
Belle has measured A K S K + recon using 977 fb −1 of data [15] to determine A 
To isolate A 
CP is an even function of cos θ * (θ * is the polar angle with respect to the e + beam of the D + in the e + e − CM frame), and A F B is an odd function, the two types of asymmetries are separated by taking sums and differences as done in Eqs. (10) and (11) . The results are plotted in Fig. 5 in bins of cos θ * ; fitting these values to a constant yields
To extract A
CP using the calculation of Ref. [14] . The result is
which is consistent with zero. 
that it is also self-tagging and thus has no correction for D * ± → Dπ ± . However, the final state π + introduces a correction A π + ε due to possible differences between π + and π − reconstruction efficiencies. The asymmetry A K 0 CP is also present and must be corrected for as done for
Belle has measured A K S π + recon using 977 fb −1 of data [16] 
To isolate A π + ε , the weighting procedure done for time-integrated (10) and (11) isolates A
CP . The results are plotted in Fig. 6 ; fitting these values to a constant yields
, one applies a correction for A K 0
CP [14] . The result is
The statistics of this measurement are high enough to observe the asymmetry due to A K 0 CP with a significance of 3.2σ. However, after correcting for A 
Other Searches for Direct CP V
In addition to the searches described above, there have been numerous other searches for direct CP V in D decays at Belle. A complete listing of these searches and their results is given in Table 1 . In all cases there is no evidence for direct CP V . 
